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September 16, 1986 

Mr. Fred .Fraser 
Department of Fisheries and Oceans 
Fraser River, Northern B.C. and Yukon Division 
80 - 6th Street 
New Westminister, B.C. 
V3L 5B3 . 

Dear Sir; 

· Whitehorse,. Yukon Y1A 2T8 

Tel: (403) 668-3578 
Telex:·036 8359 

// 

Further to your telephone conver·sati on ·with our Robert Grant on 
August 14, 1986, I am forwarding you the information contained 
herein and attached pertaining to Curragh Resources' plans to 
construct a haul road from its existing Faro pit to its Van9o~da 
Plateau mineral deposits. 

As you may be aware, the operation of the Faro mine is of major 
significance to the economic well being of the Yukon Territory. 
Annual-expenditures range in the area of $100 million (Cdn)~ 

Background: 

In November 1985 Curragh Resources purchased the assets of the 
Cyprus Anvil Mining Corporation. The. assefs included the 
existing Faro mine and concentrator ~swell ~s the ·vangorda 
Plateau deposits namely Grum, Swim, Dy & Vangorda. 

The Faro pit contains sufficient reserves to feed the mill for 
seven years. However, excess mining and milling capacity will 
exist within three years. The Vangorda Plateau mineral deposits 
contain potential reserves for a further 13-15 years. The Grum 
and Vangorda deposits, some 14 kilometers from the e>dsting Faro 
ore concentrating facility, themselves· contain reserves for 6-7 
years. 

Current Plans 

Curragh Resources intends to immediately begin the development 
of the Vangorda Plateau deposits. The development will be 
integrated into the e~d sting mining -· -o~peY·ati ans by : uti 1 i zing 
surplus mining equipment and personnel. This appro-ach is tl1e 
least cost, most ef~icient, and most assured means of developing 
the Vangorda Plateau. 

,. .·. 
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The first step in our plan for the development of the Vangorda 
Plateau is the construction of a haul road that will. allow 
trucking of the raw ore from these·deposits to the existing Faro 
concentrator. Trucking will be necessary because the other 

~alternative- of constructing a new concentrator at, or relocating 
the existing one to, these deposits is -unviable·in that the 
capital costs would make the Plateau development totally 
Ltneconomi c. 

Production from the Vangorda Plateau deposits will be phased in 
and increased as the Faro pit production is decreased to ensure 
a constant level of raw ore feed to the concentrator. Mining of 
these deposits will begin within three years. 

Since the capital costs of developing these deposits could 
approach several hundred million dollars (Cdn.), it is 
absolutely necessary that ·we take advantage of every reasonable 
opportunity to minimh:e c-osts. - Therefore we intend to construct 
the haul road, as mentioned ear_l i_er, using our o\Am mine 
iroductio~ ~quipment with waste rock from the Faro pit. We 
estimate that this construction process could take 2-3 years. 

We have.selected the haul road route/location to take advantage 
of road alignment and gradient, haul distance and construction 
methods. In addition, the route area has little vegetation 
cover (shrub and non-merchantable mature timber> and no 
appreciatable unconsolidated material in the road foundation 
zone. Construction will not interfer with the current access to 
the existing Faro mine facilities nor with any permanent. 
structures. 

. 
The haul road will cross a creek in the area, known as the North 
Fork of the Rose Creek. This creek is a small stream 
approximately 2-4 m wide in the road crossing area. The 
advantages of the chosen crossing- location are that the stream 
gradient is relatively gentle (up-stream of a steeper section> 
and the crossing is close (approximately 200m) to the existing 
Faro pit operations. 

Approximately 220 linear meters of creek bed will be covered. 
Construction techniques to be used for the road crossing will 
ensure a flow of water through the road bed with very little or 
minor erosion. 

The availability of the most suitable material for construction 
through the creek zone is limited and time dependent. 
Circumstances dictate that construction on this road must begin 
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this fall (1986) due to the immediate availability of sufficient 
quantities-of non-sulphide waste rock in the pit. This material 
is now being removed from the pit and it is essential that 
Curragh Resources use it (as it. is mined) to_construct the haul 
road. If we do not start to use this material by this fall, 
there will not be sufficient, suitable material available to 
,construct the road. Mining of construction material 
specifically for the haul road would increase the development 
cost substantially and could not be done for several years due 
to cash flow constraints. As mentioned earlier, that would set 
back the_: development of the Vangorda Plateau and reduce its 
economic viability. 

Swnmary: 

__ Therefore, in summary, Curragh Resources requires the haul road 
·to the Vangorda Plateau: 

1.) to help ensure the longevity of the Faro mine; 
2.) in the chosen location to maximize the efficiencies 

associated with road alignment and gradient, haul distance 
and construction methods; 

3.) ~onstruction to commence immediately to take advantage of 
._the availability of the most suitable construction (rock) 

material for the creek zone, and to ensure that the haul 
road can be constructed in time to allow an orderly 
consistant flow of raw ore feed from these deposits to the 
concentrator as the Faro pit production is reduced. 

Please refer to the attached information giving details of the 
location of the haul road route, the crossing of the North Fork 
of the. Ros~ Creek and the construttion details. 

In closing, the foregoing is of critical importance to Curragh 
Resources and its operati6ns. We would be happy to meet with 
you to discuss any input you may ~ave. 

Yours truly, 

CURRAGH RESOURCES 

Mar~in H. Pelley 
Vice President 
Transportation & Engineering 

cc: ~<. Forgaard 
R. Grant 
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1.0 INTRODUCTION 

Curragh Resources Corporation are currently p_utting the former 

Cyprus Anvil mining property back into production. The property is a 

lead zinc deposit located north of Faro, Y. T.. The geographical location 

of the mine is indicated on Figure 1. 

As part of the mine planning studies, Curragh are investigating 

alternative schemes for providing access between the concentrator and the 

Vangorda ore deposit, which is located east of the present open pit. One 

of the schemes being investigated would entail development of a rockfill 

causeway across the north fork of Rose Creek to provide road access to 

the future Vangorda Pit. 

Extension of the rockfill causeway across the North Fork drainage 

course would interupt the natural creek flows. Golder Associates have 

been requested to investigate the practicality of conducting the creek 

flows via a rock drain at the base of the causeway. The rock drain would 

consist of coarse fragments of waste rock, and the discharge in the north 

fork of Rose Creek would be conducted from the upstream to the downstream 

limits . of the rockfill via the void spaces between the rock fragments 

:_·comprising the drain. 

The Cyprus Anvil mining records and drawings _are in Imperial units, 

and Curragh Resources continue to use the Imperial system of measurement. 

Discharge records are in s. I. units. Both Imperial and 's.r. units of 

measurement are used in this report as appropriate. 

----- . 

Golder Associates 
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2.1 

2.2 

2.3 

2.4 
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SUMMARY OF. CONCLUSIONS AND RECOMMENDATIONS 

Transm~~,s;i.<:>n of the surface di_sch~rge in the north fork of Rose 
. . ... 

:c:r~~k · through a · ro·ck drain at"·· the: base of the proposed rockf ill 

·causeway is considered · to be feasible. The rock drain will com­

prise coarse rock fragments that separate on the face of the 

advancing causeway fill below the active dumping crest, and come 

to rest at the toe. 

. 
Calcium-silicate rock ( CaSi) is suitable for development of the 

rock drain. The schistose-type waste rock is not suitable, and 

must not be incorporated within the rock drain. 

The recommended minimum width of the drain is 70 m (230 ft), 

centered on the north fork drainage course. Approximately 1.5 

million tons of calcium-silicate rock will be required· to advance 

the face of the causeway fill the required 70 m to form the rock 

Downward migration of fine rock fragments from the upper region 

toward the base of the waste rock fill is not expected to result 
. 

in reduction of the through-flow capacity of the rock drain over 

time. 

During periods of high .discharge, }1-:pool · will develop above the 

inlet end of the rock drairt. ---Thisp~ol will serve as a temporary 

settling pond which will tr'~_p_ both bedload and suspended solids. 

Solids which remain in suspension and which enter the rock drain 

can be expected to remain in suspens.ion and to be swept through 

the drain. Sedimentation within the drain is not expected to 

result in a reduction of through-flow capacity over time. 

Golder Associates 
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2. 5 The calcium-silicate rock is hard and durable. Reduction in the. 

2.6 

2.7 

through-flow capacity of the rock drain is. not expected to occur· 

as a result of w~athering and degredation of the calcium-silicate 

rock fragments over-time. 

Glaciation, i.e. the formation of ice within the rock drain during 

the wi.nter months could occur, and. could result in a temporary 

reduction···fri.' the through-flow· capacity of the drain. We expect 

that the discha:rge of water through the drain during the subse­

quent summer mo~ths will result in melting of seasonal ice, and 

that ice will not accumulate within the drain from year to year. 

Although glaciation may result in a temporary reduction in 

through-flow capacity, complete blockage of the drain would not 

occur. Nevertheless, the volume of potential storage on the 

upstream side of the causeway fill is sufficiently large to store 

the 100-year discharge event with the water surface remaining some 

70 to 80 ft below causeway crest level. 

On abandonment, an emergency overflow spillway will be excavated 

in the crest of the causeway fill, and a spillway channel will be 

constructed to conduct emergency flows to the bottom of the drain­

age course on the downstream side of the causeway fill. The 

design of the emergency overflow spillway and the discharge chan­

nel is to be addressed by Curragh in the final abandonment plan, 

and is outside the scope of this report. 

2 .8 With the end-dumping method proposed for ·development of the rock­

fill causeway, the upstr'eam and· downstream fill slopes will be· 

inclined at the angle of repose for the waste rock. At this 

inclination, factors of safety with respect to potential downslope 

mass movement as a result of shear displacements on potential 

Golder Associates 
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failure surfaces located:° at shallow de,pth. blo,w, and. subparallel to 

the face will remain marginally greater than unity •. 

During periods of high discharge, when the pool · develops above 

the inlet of the rock drain, seepage pressures will act in a 

direction into the face of the upstream fill slope, and will com­

pensate for the effect of submergence of the toe. Stability anal­

yses indicate that the pool· abpve·.~:;h~ ... ~nlet to the rock drain will 

not have a significant effect on ·:·1:he,:}s~ability of the upstream 

fill slope, and that slope can be ·ex pee ted. to remain stable. 

.. .... ·· 

During periods of high discharge, the seepage pressures at the 

outlet end of the drain will act in a direction out of the down­

stream fill slope, and will tend to reduce stability. To provide 

additional toe support, and to guard against ravelling of the 

downstream slope, a fillet should be constructed along the down- · 

.stream toe. Along the outlet of the rock drain this fillet should 

consist of large monosize fragments of CaSi rock. The surface of 

the fillet should slope at 3:1 (horizontal to vertical) or flatter 

and its upper surface should intersect the downstream face of the 

causeway fill at a height 15 m_above the toe. 

3.0 ROCK DRAINS 

Rock drains are currently being employed in the East Kootenay region 

of British Columbia to conduct surf ace flows beneath waste rock dumps. 

' The majority 9f these rock drains consist of coarse, durable rock frag-

ments contained within the mass of waste rock generated in the course of 

open pit mine operations. 

r. 
.:.. · · -Golder Associates 
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· When waste· rock ·1s dumped at the crest of· a· waste pile, significant 

segregation of particle sizes occurs as the material ·rolls. and slides 

do~ the dump face below the crest where dumping takes place. The 

largest 'fragrile11ts tend to separate from the mass of dumped waste rock, 

and to_roll.down the face. In the course of transit down the face of the 

dump, these large rock fragments attain both kinetic and rotational 

energy. As a consequence, they come to rest within a zone ~ich exte~~ 

a moderate distance beyond the line . of intersection of the_ pl.~11e>repre~ 

senting the face of the dump and the topographic surface on which the 

dump is construe ted •· As a result, a zone of coarse, segregated rock 

extends beyond the dump toe. 

The dump is advanced by the process of ·gradual accretion of waste 

rock on the face below the active dumping crest. With progressive 

advance of the dump face, the zone of coarse segregated rock at the dump 

toe becomes covered, and constitutes a coarse, pervious-drainage blanket 

over the surface of contact between the base of the dump and its founda­

tion. 

If the dump is advanced across a drainage coarse, the bottom of the 

drainage coarse tends to collect the coarse rock fragments that have 

separated on the dump face, rolled to the dump toe, and have come to rest 

within the topographic depression of the drainage course. This zone of 

coarse, segregated rock within the drainage course can serve as a French 

drc;Lin to conduct surface flows from the upstream to the downstream side 

·of a waste rock dump. 

inspection on the face of active waste rock dumps, as well as grain 

size analyses of dumps modeiled in the -laboratory,. show that there is a 

· gradual reduction in the size of the r,ock fragments proceeding from the 

crest toward the toe of the.dump. This reduction in particle sizes, from 

the top toward the base of the. dump serves as a well graded :filter which 

precludes downward migration of fine particles from the upper regions of 

Golder Associates 
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the dump toward· the zone of coarse, segregated rock at the base of the 

dump. This conclusion is confirmed by th~ results of-_ gra,in size analyses 

for material within a model dump a_s presented ir_i :_ApJ?endix A. Consequ-

ently, the through-flow capacity of the zone_of coarse, segregated rock 

remains unimpaired as a result of reduction in the size of the void 

spaces due to accumulation of fine particles originating from the mass of 

waste rock located above the drain. 

4 .... 0 ROCK DRAIN - NORTH FORK OF ROSE CREEK 

4.1 Creek Crossing 

A. plan showing the proposed extension of t:he __ !'Q~kfill __ caus_e_wa.y: 

· across · ·the north fork. of Rose Creek is shown on Figure 2. The causeway 

would have a crest width of 100 ft at elevation 3,900 ft. The maximum 

thickness of the rockfill above the bottpm of the north fork drainage 

channel would be approximately 230 ft (70 m). For the proposed rockfill 

causeway illustrated on Figure 2, the total length of the rock drain 

between the upstream and downstream toes would be approximately 720 ft. 

~ longitudinal section and two cross sections through the proposed cause­

way are shown on Figure 3~. 

4.2 Rate of Discharge. 

The size of the catchment area of the north fork of Rose Creek above 

the. proposed rock drain is approximately 119 sq. km. For this drainage 

·area, the approximate flood frequency curve in the form of peak discharge 

versus recurrence interval is shown on Figure 4. The 100-year r_ecurrence 

interval peak discharge is estimated to be approximat'ely 70 cumecs, and 

the 200-year peak d'ischarge is estimat'ed to be appr.oxim'ately 87 ctm1ecs. 

Golder Assoc_iates 
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· ·. ,A plot of d~scharge versus time for the north ·fork of Rose Creek as 

based on field observat.ions during· May and. June, 1975 is shown on Figure· 

s. This figure illustrates that in. 1975, the time interval during ~hich 

high discharge rates were recorded was relatively short. During the 

interval May 24th to June 6th, 1975, the.total volume of discharge in the 

north fork of Rose Creek was approximately 6.4 x 104 m3. The shape of 

the discharge curve during the short period of high discharge which in 

1975 occurred during the interval June_ 2nd/.to June 6th is considered to 

be characteristic of the shape of ·the peak discharge curves for this 

catchment. 

4.3 Rock Available for Development of the·Drain 

The waste rock generated at the existing open pit consists of 

schistose-type rock, and of calcium silicate (CaSi).rock.- .The CaSi rock 

is suitable for development of a rock drain within the· ·bottom of the 

north fork drainage channel, while the schistose iype rock is not suit­

able. 

Two photographs illustrating typical fragments of the CaSi-type rock 

that have separated on the face of the dump, and have come to rest at· the_ 

dump toe are illustrated on Photographs 2 and 3. The mean aize of these 

rock fragments is estimated to be approximately 0.5 m. 

~--
If the rock drairi- is developed by end dumping the CaSi rock at 

causeway crest level, some fragmentation will occur when the rocks that 

separate from~ dumped loi~ have gained significant kinetic energy in the 

course of transit: _down--fhe dump face and impact on rock fragments that 

have already come to rest at the dump toe. Also, some fracturing and 

size reduction can be expected to occur as a result of the high point-to­

point contact stresses that will develop in sustaining loads imposed by 

weight of the rockfill above the drain. Baied on these considerations 

Golder Associates 
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the effec_tive size of the CaSi rock fragments comprising the drain. has 

been taken as 0.3 m for purposes of· the design analyses •. This is consi­

dered to be a conservative assumption. 

4.4 Method of Development of Rock Drain 

The proposed rockfill causeway will be constructed in the form of a 

narrow waste rockf ill that would be advanced across the valley of the 

north fork of Rose Creek. The causeway would be advanced outward from 

the right valley wall to a position such that the toe of the fill is 

located 35 m (115 ft) from the centreline of the drainage course. This 

initial segment of the causeway may consist of schistose-type waste 

rock. 

When the toe of the fill has been advanced to· a position 35 m from 

the center of the drainage course, calcium-silicate rock only should be 

consigned to the causeway until the face of the cause~ay_. · ha~ · been 
. . ·. . : . . . •; .. :~ .. : .... 

advanced an incremental distance of 70 m (230 ft), i.e. until the. toe· 

of the causeway fill has been advanced to a position 35 m from the axis 
. . . . ... : ' ... ~ . . 

of the drainage course on the opposite side. The remainder of the cause-

way fill may consist of schistose-type rock. A longitudinal section, 

showing the segment of the causeway fill that must consist of CaSi rock, 

and segments that may consist of schistose-type rock is shown on Figure 

3. 

Using the procedure described in the preceding paragraph, the rock 

drain with a width of 70 m will comprise coarse fragments of CaSi rock 

that separate on the face of the advancing causeway fill, and roll to_ . . . ·" . .- .. 

the toe. Inspection at the toes of waste rock dumps shows a significant 

reduction in the size of the rock fragments proceeding from the dump toe 

to modest height above the toe. This reduction in rock size is evident 

in Photograph No.· 2. As a result of this reduction in the size of the 
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rock fragments at modest height above the.toe, the vertical dimension of 

the.North Fork rock drain has been assumed to be 3.6 m, and the gross 
, 

cross-section of the drain is. assumed to be 250 sq. m. This assumed 

cr~ss-sectional area is considered-to be.conservative, since the smaller 

CaSi rock fragments located a~ove:· the_ assumed upper boundary of the rock 

drain will also be capable of:·_transm.itting modest flows and will contri­

bute to the capacity of t'he---~r.ain. 

4.5 Capacity bf th~:Rock Drain 

The capacity of a rock drain is governed by the following factors. 

i The mean size of the rock fragments comprising the drain 

ii The void ratio, i.e. the ratio of the percentage of the gross 
volume of. the drain occupied by void spaces between the rock 
fragments.~ to the percentage of the volume that is occupied by· 

.solid material 

iii The surface roughness of the constituent rock fragments within 

iv 

V 

the 

The 

The 

drain 

hydrault::-;:d'ter\.t~ 

gross cross-sectio~ of the drain 
\ 

Factors i, ii, and iii abov.e remain essentially fixed. Fluctuations 

in the rate of discharge throug~ock drain will be governed primar-
~'" 

ily by the hydraulic gradient, and----t<>~~~lesser degree by the area of the 

wetted cross section. \ 
\ 
/ 

The gradient along the north fork drainage channel is approximately 

1.3%. Hydraulic-gradients within the drain ·greater than 1.3% will depend· 

on development of ·a pool on the~ side of the rock£ ill causeway, 

and attendant increases in piezometric level above the upstream end of 

the drain. A plot showing the estimated rate of discharge through the 



l 
. . . . . ~ ~ ~ .. ~ ... ·• · ... ·. -:· ,:' . . .. : .. .,,_. , ··.· 

j 

·c··· ., ,· ...... ~ . . .. : 
J ,· • ... 

; 

1 
j 

l 

l 
l 

I 

.- .. _.,. 

. :\'•,. •• .• '-~ ~ •• ··~ ...... , !'";·· .......... ; • ·.:,' ·. \ .. : 0
,0. • •A• '~- .;4 ',• o • : ~ .• ,:' ··:- ... 

September, 1986 10 862-1093 

·~~... .. . . - .. . . ~ .... .. ~ . . ... . . . .... ' ' : ~ : . ~ . .•·. ,.,- . ; ,,_ . .., .. ~ ... I•,: .•. 

drain versus· the depth of the·. poo1· ab~ve the inlet end of the q.rain is 

shown on Figure ·-7.. · The available storage volume on the upstream side of 

the causeway versus the depth of ~he pool above the toe of the fill at­

the inlet end of the drain is shown on Figure 6. 

Flood routing calculations were carried out by· Ker Priestman 

Associates Ltd to obtain an estimate of the height to which the pool 

surface could be expected to rise for various return interval discharge 

events. These flood routing calculations are based on the discharge 

capacity of the rock drain as shown on Figure 7, the storage volume curve 

in accordance· with Figure 6, peak stream discharge in accordance with 

Figure 4, and an assumed rise and decay of stream discharge with respect 

to time in accordance with the shape of the observed discharge curves 

shown on Figure 5. The results of the flood routing analyses are presen­

ted in graphical form on Figure 8. The analyses indicate that for the 

mean annual discharge event, the pool at the inlet end of the rock drain 

wo"uld reach a maximum depth of approximately 11 m. Fo;r the 100-year 

discharge event, the anticipated maximum depth of the pool is 40 m, some 

30 m (100 ft) below the crest of the causeway fill. 

Various scenarios have been postulated by others suggesting that 

the through-flow capacity of a rock drain might diminish with time. 

These scenarios, which we believe not to be valid, are discussed in 

Appendix A. 

Glaciation within the rock drain during the winter months is a 

scenario that has not been raised by others, but which is a factor that 

must be considered for the north fork rock drain. As discussed in 

Appendix A, glaciation could result in a temporary reduction in the 

through-flow capacity of the drain. However, we do not expect that ice 

would accumulate from season to season, or that glaciation could · result. 

in blockage of the drain during ·any single season: Neverthel7ss, we 

r.. 
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have examined_·. an unlikely scenario/ which. assumes that the drain becomes 

blocked· by ice during the winter preceding the _ 100-year discharge event. 
. . 

As indicated on Figure 6, the 100-year discharge event could be _r~tai_ned 

within a pool havinK a surf a~e level approximately 46 m above -the toe -of 

the fill at the inlet end of the drain. This level is approximately 25 

m (82 ft) below the elevation of the crest of the proposed causeway. 

5.0 STABILITY 

As indicated previously, the proposed·causeway across the north fork 

of Rose Creek would be developed by end dunipi~g waste rock from the crest 

at elevation 3900 ft. Wi,th this method of development, the advancing 

face, as well as the side slopes of the causeway fill will remain at the 

angle of repose for the waste rock. At any time when a slope comprising 

granular materials is at the angle of repose, the factor of safety with 

respect to potential downslope mass movement as a result of shear 

displacements on potential failure surfaces located approximately paral­

lel to, and at shallow depth below the face is always only marginally 

greater than unity. This is the stability condition that prevails at any 

rockfill that is developed by end dumping from the crest. Factors of 

safety with respect to potential failure as a result of shear displace­

ments along the dump/foundation surface of contact are governed to a 

significant degree by the inclination of the foundation. In the case of 

the proposed North Fork causeway fill, ·the foundation is essentially 

level in a direction parallel to the fall-line on the .sides of the cause-
. . . . 

way, and factors of safety involving this potential .fa:Jlure_: mode are 

adequate. 

In some cases, the caleulated factors of safety· of · the upstream 

slopes of earth dams are lower for intermediate reservoir levels, than 

for the case of the water surface at the toe, or for full reservoir con­

ditions. With this in mind, stability analyses were·carried out to check 
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' the· stability of the upstream fac~ of the causewaf· fill for the assumed 

pool surface at levels ·inte-rmediate. ·.between the· toe of the fill and 

anticipated maximum pond. surf ace . level. co.rresponding to the 100-year 

flood event. 

For the conditions of ponding above the inlet to the rock drain, the 

direction of the s~ep~g~" presures . will be .. into_ the slope, and these 

seepage pr.~ssur·es: serve to improve stability~:-·and ·. to ·~ompensate for the 

reduct·ion in shearing resistance at~endent with ·submergence of _.the toe 
. . . . 

region of the slope. The results of the stabi!ity analyses indicate that 
// 

the factors of safety of the slope on the upstream side of the causeway 

fill will be virturally unaffected by the pool above the inlet_ to the 

rock drain. 

At the toe of the fill on the downstream side of the causeway where 

the-·water will issue form the rock drain, the seepage pressures act in a 

direction out of the slope, and will have the ef:fe<:t of reducing stabil­

ity in this region. Since the slope will have a factor of safety only 

marginally greater than unity for the condition of zero disch~rge from 

the rock drain, any reduction in the factor of safey can be expected to 

result in movement within the toe region of the fill, and in sloughing on 

the face, with the potential for deposition of slide debris over the 

outlet of the rock drain. Such development could be expected to impede 

discharge from the drain, and to exacerbate stability conditions at the 

toe. 

To guard agains.t this eventually, we recommend that additional toe 

support be provided along the downstream toe of the causeway fill. This 

toe support would consist of a fillet consisting of CaSi rocks of the 

largest practicable size. The objective is to provide a zone which has 

the maximum practicable conductivity, and which will remain stable when 

subjected to the discharge conditions at the outlet end of the rock 

-Golder Associates 
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drain. The surfac·e of. the fillet should slope·. not · steeper than 3: 1 

(horizontal to vertical), and it should intersect the d·ownstream slope of 

the causeway fill at a level 15 m above the base. 

Part of the fillet along the downstream toe will be formed in the 

course of construction of the causeway. This segment of the fillet will 

. consist of large rock . fragments that attain considerable kinetic and 

rotational. energy during transit down the face, and come to rest beyond 

the line of intersection of the plane representing the downstream side 

slope of the causeway fill with the foundation. The supplementary mater­

ials required to complete the fillet should consist of large monosize 

~~~~~~-~-~ __ ?_~----~~Si rock approximately 1 m or lc1rger .,. in size, and devoid of 

smaller size rock. We expect that these large rocks could be garnered 

from the toe regions of existing or future dumps. It will be necessary 

to develop a suitable method for recovering these rocks. Past experience 

has shown that front end loaders are generally not suitable, since it is 

impracticable to scoop up the large rocks while excluding smaller rocks 

and other materials. 
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at approxi~ately this 

PHOTO N0.1 
LOOKING TOWARD THE SOUTHWEST, SHOWING THE LIMIT OF 
THE PRESENT WASTE ROCK DUMP, AND THE NORTH FORK OF 
ROSE CREEK TO THE LEFT OF THE DUMP TOE. THE POINT 
WH~RE THE CREEK APPEARS FARTHEST FROM THE DUMP TOE IN 
THIS PHOTO, IS AT COORDINATE LOCATION N3250, E16250 
APROXIMATELY. 
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PHOTOS Z & 3 

EXAMPLES OF LARGE FRAGMENTS 
OF CALCIUM-SILICATE <CaSi> 
ROCK THAT HAVE SEPARATED ON 
THE DUMP FACE, AND HAVE COME 
TO REST AT THE TOE. THE 
MEAN PARTICLE SIZE OF THESE 
FRAGMETS IS ESTIMATED TO BE 
APPJiQKINATELY 0.5 METRES. 
-ca"si- ROCK IS SUITABLE FOR 
DEVELOPMENT OF A ROCK DRAIN, 
WHEREAS SCHISTOSE-TYPE WASTE 
ROCK IS NOT SUITABLE 

---·~ ----
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HEIGHT ABOVE UPSTREAM TOE 
OF ROCK FILL - METRES 

i 

; : 

AssuMed discharge curve f . or 100-year event . 
Total discarge during the 5-day 1~terval, 

as repre5ented Dy the area under the cur~e 
is· 15.4 Million cubic :vietr~s. 
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APPENDIX A 

DISCUSSION OF CONCERNS THAT HAVE BEEN EXPRESSED 

REGARDING THE LONG TERM PERFORMANCE OF 

ROCK DRAINS 
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The· rock·diain ~oncept· for _conducting surface flows beneath waste· 

rock dumps is relatively new·. 
,. . . . . 

Golder· Associates provided· design recom-

mendatio·ns. for·· the . firs·~ . rock drain develo-ped at a mining project. in 

British Columbia. This rock drain is located at Fording Coal's property 

in southeast British Columbia, and conducts the surface flows in Swift 

Creek through the base of a rockfill causeway that was required to pro­

vide truck access on the opposite side of the drainage course where 

space was available for expansion of a waste rock dump. 

The Swift Creek rock drain at the Fording Coal property was <level-

oped in 1981. The drain itself consists of coarse fragments of waste 

rock that segregated on the face of the advancing dump, rolled to the 

dump toe, and collected within the bottom of the drainage course. 

Before the rockf ill causeway was advanced across the drainage course, 

instrumentation was installed to permit measurement of piezometric 

levels at selected points along the axis of the drain, and detailed 

surface measurements were made to establish the topographic ground pro­

files which form the lower boundary of the rock drain cross-sections. 

These data, together with measured rates of discharge through the drain 

permit assessment of the rate of discharge through the drain per unit 

area of wetted cross-section. The data also provide a means of asses­

sing whether the through-flow capacity of the rock drain decreases with 

time. 

In 1981, the rock drain was a new concept, and no precedent data 

were available. Members of the regulatory agencies postulated a riumber 

of scenarios that they thought could be responsible for impairment of 

the performance of the rock drain over time. These scenarios which are 

addressed in this appendix included: 

0 Deposition of sediment within the rock drain 
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o_ o·egradation of the c_oarse rock f ragment.s over time 

These postulated scenarios as they apply to the Rose Creek rock drain, 

and to rock drains in general, are discussed following. Also discussed 

is the potential for ice accumulation within the drain, a scenario that 

has not previously been raised • 

. ·sea":i.mentation 

Although detailed field measurements of sediment transport in the 

north fork of Rose Creek have not been made, it is reasonable to expect 

that during periods of high flow, the discharge in the north fork of 

Rose.Creek is accompanied by bed load transport along the bottom of the 

creek channel, as well as transport of suspended sediments. 

Head is required to 'drive' the water through the drain. As the 

rate of discharge in the North Fork drainage increases during the 

initial stages of a discharge event, a pool will develop adjacent to the 

upstream face of the rockfill. The difference in elevation between the 

P?Ol surface above the inlet to the drain, and the point at which dis­

charge emerges at the downstream toe represents the head loss through 

the drain, and this difference in head provides the energy to overcome 

the head loss. The relationship between the depth of_ the pond above the 
. . . . . 

inlet end of the rock drain and the estimated rate of discha1;ge. "th:tough 

the north fork rock drain is shown on Figure 7 of the main text. 

The estimated rate of discharge through the drain versus upstrea~ 

G pond depth, together with the hydrograph on Figure 4, and the storage 

volume curve on Figure 6 were utilized in flood routing calculations to 

estimate the depth of the pool that would develop adjacent to the 

GnldP-r Associates 
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up~tream .face of t~e causeway fill for various retur~ ~eriod discharge 

events. The fl~od routing calculat_ions_::~e~e. in~~e· by .Ker Priestman· and 

Associates employing aq in~house computer. program · developed . at tl1,eir . 

Victoria office. The results of these flood routing studies are presen­

ted in graphical form on Figure 8 which shows a plot of expected pool 

depth above the inlet end of the drain versus flood recurrence interval 

plotted on a log scale. 

The · presence of the temporary pool . on the upstream side of the· 

causeway fill provides protection against,.- the entry and deposition of 
// 

sediment within the drain that could/ result in a reduction of the 

through-flow capacity of the drain over time. This is demonstrated by 

making a comparison between the size of the particles that remain. in 

suspension and which could enter the upstream end of the rock drain, 

with the size of particles subject to incipient scour corresponding to 

the average velocity of flow through the voids comprising the rock 

drain. Only those particles of a size smaller then tlre incipient scour­

size particle would enter the drain; larger sized particles would settle 

out in the pond and would not enter the drain. The method of analy$is 

is illustrated by the flow chart presented on Figure A2, and the results 

of the analyses are discussed following. 

For ,thE: __ 10-year flood event, the maximum depth of the pool above 

the inlet end of the rock drain is estimated to_ be approximately 23 m •. 

Considering the volume of water contained in this poof· togethe_r wi~h. the· 

maximum instantaneous discharge, the indicated retention time is approx­

imately 23.7 hours*. The maximum settling time for the incipient scour 

*Retention time is taken as pool· volume divided .. by .. rate of stream· dis­
charge. 

Golder_Associ ates 
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size· p~rticle is -approxi~ately O. ZS h:ours.. . Thus, the retent1:on time· is 

apprqtima.tely two orders of magnit:;ude•. greater ):han the maximum settling 
. . . 

. . t_im~ for t.~e .tnc·ipie11;t:·;:scqur.-s:f:ze·.· part_i~le •. ·. ~he . size of t~e parti<;le 

that ~ouli settle from ~he suriace to the bottom of the pool during the 

retention time has an effective diameter approximately 1/10 of the 

effective diameter of the incipient scour-size particle. 

Similarly, if the mean annual flood is considered, the retention 

time in the pool is approximately 30 times longer than the maximum set­

tling time for the incipient sco~r-size particle. The size of the par­

ticle that could settle a vertical distance equivalent to the full depth 

of the--poo-1-- during--t:he---re-t-ention ti-me-i-S---ap-proximately 1/5 of the size 

of the particle corresponding to incipient scour. 

Admittedly, there will be a discrepancy in the times at which peak 

discharge occurs and the time at which pool level is reached. However, 

these analyses indicate that the discrepancies between retention time 

and settling times for particles having an effective diameter equal to 

the incipient scour velocity are sufficiently large to conclude that 

particles which enter the drain will not settle, but will remain in 

suspension, and will be swept through the drain. The pool that will 

develop at the inlet end of the rock drain during a discharge event will 

provide protection against sedimentation that could impair through-flow 

capacity of the drain over time. 

Downward Particle Migration Within the Dump 

Downward migration of particles within the mass of dumped waste 

rock, and accumulation of these particles within the drain is one of the 

scenarios that have been postulated to result in potential reduction of 

the through-flow capacity of a rock drain. 

·-··. 
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The p_roposed · rockfill .causeway across. the north_ fork of .Rose· Creek 

wi~:1: be developed by truck· dumping at the c~est. -The face of. the .cause-­

way will be advanced through the process of gradual accretion of mater­

. ial on the advancing causew~y face below the active dumping crest. This 

is the method by which waste rock dumps are commonly developed. 

When a dump is developed by end dumping at the crest, the fine 

fraction of the waste. rock fragments tend to segregate and accumulate 

within the upper region of the dump. The coarsest fraction of the rock 

fragments tend to_ .separate from the mass of waste rock dumped at the 

crest. These large fragments roll down the dump face which remains at 

· the angle of . repose, and the coarse fragments callee t at the toe. In 

this manner a zone of coarse fragments of calcium silicate rock will 

form the North Fork rock drain. 

Field examinations on the faces of waste rock dumps show a trend of 

gradual reduction in mean particle size proceeding from the dump toe 

toward the dump crest. This gradual reduction in particle size consti­

tutes a well graded filter which precludes downward migration of fines 

from the upper region of a dump toward its base. We are of the opinion 

that downward migration of particles within a dump is not a factor that 

results in a reduction in the through-flow c_apacity of a rock drain. 

This conclusion, which is based on· the results of field observations, is 

confirmed by modelling studies in the laboratory. 

In the laboratory studies, a model waste dump with a height of 

approximately 600 mm was developed using well graded 10 mm minus sand 

and gravel. In this laboratory model, the ratio of the maximum particle_ 

size to the vertical dimension of the ,modei dtm,:tP-:,-was approximately 60. 

This ratio of maximum particle size to dump he-ight for the model is 

approximately the same as the ratio of maximum particle size to dump 

height for the.proposed causeway across the north fork of Rose Creek. 

Golder Associates 
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The ·i:nod~l dump in. the · 1aborat<;>ry. was developed b~ depositing the 

material at the dump crest,. and· permi~ting ·the material to roll and · 

· slide down the dump face- whi~h . re93-aiµed at. the angle_ of: repc;,se. After 
. . .. :. .. , :. . - r.:· .- -. . .·· .. _. . . . ,:. . . 

the dump face had ·-bE:¢11 ._-~d·va.nced a dfatance ·of_ ap1iro·xiniately 800 mm,::. .· 

samples were . recovered· from a vertical segment extending from the dump 

platform to the base of the dump. This vertical column was subdivided 

into six segments each having a vertical height of 100 mm. Grain size 

analyses were then carried out on the material contained within each of 

the segments from the vertical column. The results of these grain size 

analyses are presented in graphical form on Figure Al. The grain size 

curves show that the material within the vertical column becomes pro­

gressively coarser proceeding from the top toward the bottom of the 

dump. Inspection of the grain size distribution for material contained 

within each segment as represented by the curves on Figure Al shows that 

downward migration of particles within the dump is precluded. 

Based on tp.e results. of our examinations of dump faces in the 

field, to"gethe'r with. th~ . results of grain·. size analyses on material 

contained within a ver~icai coiu~;;-_~itend"ihg~ 'f'.r;om:;the·'\op to the base of 

the laboratory model, we are confident that downward migration of par­

ticles from the upper regions of the causeway fill into the rock drain 

is not a factor that would result i.n a reduction in the through-flow 

capacity of the rock drain over time. 

Particle Degradation 

If degradation of the coarse rock fragments c9~prising a drain were 

to occur over time, this could be expected to resultin a reduction in 

the through-flow capacity of the rock drain. 

Waste rock generated in the course of the open pit mining at the 

Curragh property consists of schistose-type rock, and of calcium sili-

Golder Associates 
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at the Curragh property .• as -well as wit~iI~ th~ ··region beyond. the. toes of 

these dumps·, show that. the schistose-type rock is .subject to_ breakd~~. 
~ . . . . . . ~ .. . . . .• 

and reduction in particle size. 
. . 

The CaSi rock on the other hand is very 

hard, and does not show evidence of degradation a~d weathering when 

exposed on the dump face, or in the region of the dump toe. For this 

, reason, as the 4ump toe is advanced across the bottom of the north fork ----
drainage. course, the materials ·consigned to the rockfill causeway should 

consist of CaSi rock only, so that the rock drain will comprise only 

calcium-silicate rock fragments. We do not expect that the CaSi rock 

fragments comprising the drain will degrade over time. Consequently, 

the through-flow capacity of the rock drain is not expected to diminish 

with time as a result of degradation of the constituent rock fragments. 

Potential Freezing 

Although potential freezing and accumulation of ice within a rock 

drain is not a scenario that to date has been raised by members of 

regulatory agencies responsible for approval of proposed rock drains, 

potential freezing and ice accumulation in the North Fork rock drain is 

a factor that we believe could result in temporary reduction in the 

through-flow capacity of the drain. 

It is reasonable to expect that during cold winter periods, when 

winds are negligible, cold air flows down the local drainage courses in 

the form of density currents. The extension of the rock£ ill causeway 

across the north fork of Rose Creek would represent an obstruction to 

the convection air currents within the north fork valley. With the rock 

fill causeway in place, cold ·air could be expected to 'pool' within.the 

depression on the upstream side of the rockfill, and part of this cold 

air could be expected to seep through the rock drain. 

Golder Associates 
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· The accumulatioQ of ice within the culvert. that conducts the North 

I 
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Fork. creek.' flows ben·eath the. ·access roadway be.tween Faro townsite and 

.the -·mine. i~lust:p~tes . that ~ow ,b~s.e: flows· .continue. to discharge within · 

the north fork of Rose Creek during most of the winter. This base dis­

charge through the rock drain, together with the flow of cold ambient 

air through the drain could result in accumulation of ice and could 

result in a temporary reduction in the discharge capacl~y of th~-drain. 

However, the formation of the water pool above the irtl~t· -~nd\of the rock 

drain during a discharge event provides protection against. ice<ac·cumula-. 

tion from year to year as explained following. 

The density of water is temperature dependent, and is at maximum 

density at a temperature of 4° c. A plot of density versus temperature 

over the temperature range Oto 10° C is shown on Figure A4. Maximum 

discharge in the North Fork of Rose Creek can be expected to occur at 

the time of spring breakup. At this time, the temperature of the sur­

face discharge in the riorth fork of Rose Creek can be expected to range 

between 0° C and a temperature slightly higher than 0° c. Water which 

enters the pool at temperatures slightly higher than 0° C can be expec­

ted to gravitate to the lowest part of the pool, which is coincident 

with the inlet end of the drain. Thus, the water that discharges 

through the drain can be expected to be at a temperature slightly above 

0° C, and will transfer heat to the drain, resulting in melting of ice. 

During the summer season, water temperatures can be expected to 

increase, with the result that melting of ice that may have accumulated 

during the previous winter season will continue. We do not expect that 

build up of ice within the drain would increase gradually with time. 

The volume of ice that might accumulate within the drain during a single 

winter season, and the degree to which the through-flow capacity of the 

drain might be impaired at the time of spring breakup cannot be predic­

ted. However, the curve of storage volume versus height above the inlet 

end of the drain ·-indicates that the' storage capacity upstream of the 

<-

·'· 
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proposed._ causeway. fill -is sufficiently large to i~pound all·. ~f ·the dis--

I 

I 
I 
'·. I 

1 
j 

·charge·. resulting· _from a 100-year · discharge event. We conclude that 

te~poq1ry accumu~a~ion-.:o:f ice. witbin t;.he · ro_ck dr~in does. no~. ·pos.e -.~ 
.. . . . . .. 

threat that the pool would rise to a level that would overtop the r6ck­

fill causeway. 

Conclusions 

Based on the analyses and reasoning as described briefly in this 

appendix, we are of the opinion that the capacity of the drain will n6t 

be impaired by accumulation of sediment within the drain, by downward 

migration of fine rock fragments within the dump, or by degradation of 

the rock fragments comprising the drain. We are also of the opinion 

that although seasonal ice may accumulate within the drain during a 

single winter season, the temperature of the water flowing through the 

drain during the subsequent summer will cause melting of seasonal ice, 

and will preclude build up of ice from season to season. 
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Shield's critical shear stress 
parameter= 0.04 

Darcy-Weisbach friction factor 
taken as 0.03 

acceleration due to gravity 

Effective particle di~meter 

Specific gravity taken as 2.65 

Porlic/e size 

Q 
z 
< u, 

I­... -u, 

Velocity at which scour commence·s 1-f = Veloctl~ ot which 
scour commences 
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